Elevated blood pressure (BP) is a growing burden worldwide, leading to over 10 million deaths each year. May Measurement Month (MMM) is a global initiative of the International Society of Hypertension (ISH) aimed at raising awareness of high BP and to act as a temporary solution to the lack of screening programs worldwide. A surveillance study in 2016 in South Africa revealed that 45% of adults have hypertension and only 6-9% of men and women respectively had controlled BP on medication, highlighting the need for regular screening and awareness campaigns. An opportunistic cross-sectional survey of volunteers aged 18 years was carried out in May 2017. Blood pressure measurement, the definition of hypertension, and statistical analyses followed the MMM protocol. The sites screened were primarily university campuses and general populations in preference to hospitals and clinics, aiming to raise awareness and allow access to screening in those less likely to be aware of their BP. In total, 3250 individuals (mean age 31.0 6 13.3 years) were screened. After multiple imputation for missing BP readings, 795 (24.5%) had hypertension. Of individuals not receiving antihypertensive medication, 459 (15.7%) were hypertensive, and 157 (46.9%) of individuals receiving antihypertensive medication had uncontrolled BP. These results suggest that opportunistic screening campaigns can identify significant numbers with undiagnosed and uncontrolled hypertension, even amongst the fairly young. The high proportions of individuals with undiagnosed and treated uncontrolled hypertension, highlight the need for campaigns to increase hypertension awareness and control.
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Introduction
In South Africa, similar to other countries worldwide, hypertension is a major contributor to the burden of cardiovascular disease. Indeed, in 2007 in individuals aged 30 years or older, 41.7% of deaths due to ischaemic heart disease and 49.6% of deaths due to stroke were attributed to hypertension. 1 The high mortalities due to hypertension are likely to increase given the prevalence of hypertension almost doubling (24% in 1998 to 45% in 2016) 2, 3 over an 18-year period. Although many effective antihypertensive medications exist, a large proportion of individuals remain untreated or uncontrolled. Limited access to treatment for hypertension is multifactorial; however, key factors include low awareness and lack of adequate hypertension screening facilities. 4, 5 Indeed, in a surveillance study conducted in South Africa in 1998, low proportions of hypertension awareness, treatment, and control were reported (men: 26%, 21%, and 10% respectively; women: 51%, 36%, and 18% respectively). 2 A subsequent surveillance study conducted in South Africa in 2016, revealed that only 6% of men and 9% of women were taking medication and had normal blood pressure (BP). 3 Hence, there is clearly a need for surveillance programs to raise awareness and screen for hypertension in South Africa.
Methods

Study group
The present study was approved by the Committee for Research on Human Subjects of the University of the Witwatersrand (approval number: M170334), the Health Research Ethical Committee of the North-West University (approval number: NWU-00026-17-A5) and the Human Sciences Research Council (approval number 10/22/03/17). Participants gave written informed consent. In total, 3250 participants aged 18 years and older were screened at the University of the Witwatersrand (Parktown, East and West campuses), in Johannesburg, Gauteng; the North-West University (Potchefstroom campus) and Ikageng Gate Shopping Centre in Potchefstroom, North-West Province, and at a few retail and community pharmacies throughout the country.
Blood pressure, demographic, and anthropometric measurements
Before the commencement of data collection, volunteers were trained in accurate BP measurement techniques using validated automated devices (Omron MIT5 Connect and Omron M6 Comfort devices, Omron Healthcare). Screening was primarily on weekdays and was done daily at each site for the duration of May. At least three seated BP and heart rate recordings were taken on the left arm (preferably) after at least 5 min rest with 1 min intervals. A questionnaire was used to collect limited clinical and demographic data as previously described. 6 The data were either entered directly onto a study-specific mobile application or entered on paper forms. The data were cleaned by each of the site PIs before submitting to May Measurement Month (MMM) centrally.
Data analysis
The data were analysed centrally by the MMM/project team previously described. 6 Brief, crude analyses were done using the mean of the second and third BP readings where available. For comparisons of BP between all individuals, multiple imputation was used to estimate the average of the second and third readings where either reading was not documented (n ¼ 65). Linear mixed models were run separately for systolic BP (SBP) and diastolic BP (DBP). Hypertension was defined as BP 140/90 mmHg and/or in those on antihypertensive treatment.
Results
The characteristics of those individuals screened are shown in Supplementary material online, Table S1 . The participants were fairly young, more women than men, and predominantly of black (51%) or white (37%) ethnicity. The proportions of participants with diabetes or cardiovascular disease were low. The majority of BP readings were obtained in the left arm (79.9%) (0.4% not recorded). Most participants were screened on weekdays (14.6-24.6%) than Saturday (0.9%) or Sunday (0.2%).
A total of 795 (24.5%) of participants were found to have hypertension. Of individuals not receiving treatment, 459 (15.7%) were found to have hypertension. Of the 334 individuals on treatment with a mean BP available, 157 (46.9%) were uncontrolled. The majority of those with hypertension (57.7%) were untreated Supplementary material online, Table S1 .
Based on a linear regression model, in those who were not receiving antihypertensive medication, both SBP and DBP showed a linear increase with age. In women BP was lower than in men (Supplementary material online, Figure S1 ). The increase in SBP with advancing age was steeper in women, but at 80 years of age no sex differences were noted for SBP. However, the increase in DBP with advancing age paralleled that of men. The SBP and DBP were higher in obese (9.6 6 1.3 mmHg and 5.7 6 0.4 mmHg respectively, P < 0.0001) or overweight subjects (7.8 6 1.22 and 3.8 6 0. 9 mmHg, respectively, P < 0.0001) than in underweight. The SBP but not DBP was higher in those with normal weight (4.4 6 1.2 mmHg, P < 0.0001) compared to those who were underweight. The SBP and DBP were higher (7.3 mmHg and 4.0 mmHg respectively, P < 0.0001) in treated than untreated subjects (Supplementary material online, Figure S2 ). Both SBP and DBP were higher in those reporting regular alcohol intake (2.5 and 1.9 mmHg respectively, P < 0.0001); whereas only DBP was higher in smokers (1.2 mmHg, P < 0.02) (Supplementary material online, Figure S2 ). Blood pressure was lower in pregnant women (SBP 5.3 mmHg, p ¼ 0.005 and DBP 6.7 mmHg, P < 0.0001) (Supplementary material online, Figure S2 ).
Discussion
The main findings of this screening program are that in the 3250 participants evaluated, almost one quarter had hypertension, especially given the young mean age (30 years, largely a reflection of the sites where the MMM17 South Africa D105 screening was done), and high proportions were untreated and/or had uncontrolled BP. The high proportion with hypertension is in keeping with the prevalence of hypertension (women: 27%; men: 33%) previously reported for those aged 25 to 34 years in 2016, 3 and in a cohort with a similar mean age (31 years) from a community based study (24.5%). 7 The low proportion receiving treatment also confirms previous reports in a cohort with a similar mean age (31 years) from a community based study (7.1%). 7 Similarly, the low proportion with controlled BP is in keeping with low proportions with controlled BP on medication (women: 5.1%; men: 2.0%) previously reported for those aged 25 to 34 years in 2016. 3 The proportions of South Africans with hypertension, receiving antihypertensive treatment and having uncontrolled BP are comparable with the worldwide data given that the latter were obtained in individuals at least one decade older. 6 The relatively high proportions with hypertension and uncontrolled BP and low proportion receiving medication, especially given the young mean age, highlight the need for campaigns to increase awareness in South Africa. In keeping with previous studies, increased BP was associated with advancing age, and SBP showed a more rapid increase with age in women compared to men. 6 Although BP was higher in those with increased body weight, similar to data worldwide (only 8 mmHg and 5 mmHg higher SBP and DBP respectively in obese compared to underweight), 6 the impact was small (only 10 mmHg and 6 mmHg higher SBP and DBP, respectively in obese compared to underweight). The positive relationship between regular alcohol intake and BP confirms previous studies. 8 Similarly, the positive relationship between DBP but not SBP and smoking confirms previous studies. 9 The consistent relationships between alcohol and tobacco use with BP underlines why the South African government have introduced taxes and policies in an attempt to reduce the use thereof. But when interpreting these relationships in a relatively young population, perhaps more stringent strategies should be put in place to change behaviours and societal acceptability of tobacco and excessive alcohol use. The lack of relationships between previous myocardial infarction, previous stroke, or diabetes, and BP is most likely due to the low proportions of individuals with these conditions.
The limitations of the present study are the voluntary nature of the program, the inclusion of relative young adult sample and of a limited number of regions of South Africa. Hence, the data are unlikely to be representative of all provinces in South Africa. The low numbers of individuals with previous cardiovascular events or diabetes precluded meaningful analyses on the relationships with BP. As screening was only done on one occasion, there is a possibility of false positive diagnosis of hypertension.
In conclusion, the results of the present study highlight the need for repeated screening programs to increase awareness and education as well as to allow access to BP measurements for those who have never been screened before.
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